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1. Purpose. This manual provides guidance for the selection, design, installation, operation, and
maintenance of cathodic protection systé@BS’s) for naigation lock gates and other civil works
hydraulic structures.

2. Applicability. This manual applies to all USACE Commands having civil works responsibilities.

3. Discussion. The primary corrosion control method for civil works hydraulic structures is a protec-
tive coating system, most often paint. Where the paint system and structure are submerged in water, a

combination of the anodic and cathodic properties of materials, the liquid electrolyte, and external electri-

cal circuits combine to form electrochemical corrosion cells, and corrosion naturally fol&&s can
supplement the paint céag system to mitigate corrosion damage.

4. Distribution. Approved for public release; distribution is unlimited.
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Chapter 1 brackish, or salt water. Protective coatings are rarely
Introduction completely effective because, even on application,

they contain pinholes, scratches, and connected poros-
ity. As coatings degrade with time, these imperfec-
tions, commonly known as holidays, have a profound
effect on overall coating integrity because of underfilm

This manual provides guidance for the selection,cO'"osIoN. CP_S S, when used in c_onjiinction W_'th
design, installation, operation, and maintenance ofrotective coatings, have been effective in controlling

cathodic protection systems (CPS’s) used to Supplegorrospn. CPS's cons;]st of anodes ;hat Eas‘?] a
ment paint systems for corrosion control on civil plrotectlive current to the siructurebt roug ft €
works hydraulic structures. It also discusses possibl€/€ctrolyte environment.  CPS's can be one of two

solutions to some of the problems with CPS's that maB}ypes, sacrificial anode or impressed current anode.
be encountered at existing projects Hydrid CPS’s installed on structures can contain both

types of anodes to provide protective current.

1-1. Purpose and Scope

1-2. Applicabilit . :
pRcAbity (1) Sacrificial anodes, such as magnesium or zinc

alloy, corrode and wear more readily than the structure
to be protected because of their more negative
electrochemical potential. Sacrificial anodes do not
require an outside power source; rather, they provide
their own power and need very little maintenance.
a. MIL-HDBK-1004/10, Electrical Engineering They should be replaced whenever the anode material
has been consumed, so they should be easily accessed.
Sacrificial anodes are generally recommended for use
b. EM 1110-2-3400, Painting: New Construction with a well-coated structure with minimum chance of
’ being damaged during its useful life.

This manual applies to all USACE Commands having
civil works responsibilities.

1-3. References
Cathodic Protection.

and Maintenance.

c. ETL 1110-9-10, Cathodic Protecion Systems (2) Impressed current anodes are made of durable
Usiné Ceramic Anodes, materials that resist electrochemical wear or dissolu-

tion. The impressed current is supplied by a power
d. CW-09940, Painting; Hydraulic Structures source sucii as a .rectifier.. All impressed current
and Appurtenant Works. CPS’s require routine maintenance because they
involve a power supply and a greater number of elec-
trical connections than do sacrificial anodes. However,
impressed CPS’s can be used with bare or poorly
coated structures because of the greater current
capacity.

e. CW-16643, Cathodic Protection Systems
(Impressed Current) for Lock Miter Gates.

f. TN ZMR-3-05, Components of Hydropower

Projects Sensitive to Zebra Mussel Infestations. b. Locations. Since 1950, USACE has used

Standard RP0169-96 impressed current CPS’s with graphite or high-silicon,

g. NACE International _ . :
Recommended Practice, Control of External CorrosionChrom'um'be"’Irlng cast iron (HSCBCI) anodes. The

on Underground or Submerged Metallic Piping first systems were installed on tiie Mississippi Riyer
Systems. near Rock Island, IL, on an experimental basis. Since

then, CPS’s have been used widely. About 22 CPS's
were installed and are currently functioning on struc-
tures on the Tennessee-Tombigbee Waterway, the
Alabama River, and the Black Warrior River in the
Mobile District. CPS’s have been used successfully
on the Intercoastal Waterway on seven sector gates in

1-4. Background
a. General The Corps uses CPS’'s in

combination with protective coatings to mitigate
corrosion of hydraulic structures immersed in fresh,

1-1
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the Jacksonville District and on miter gates in the New
Orleans District. Impressed current systems have also
been installed on three lock gates on the Columbia
River in the Northwest. Similarly, impressed current
systems using both graphite and HSCBCI anodes were
installed on lock gates on the Ohio River during the
1970’s. However, ice and debris damages have made
most of these systems inoperable. Since the early
1980’s, a new type of ceramic-coated composite anode
material has been used for various electrochemical
processes, particularly in the electrolytic production of
chlorine and cathodic protection systems, including
off-shore, water tank, and groundbed applications.
The mixed metal oxide ceramic-coated anodes consist
of a conductive coating of iridium or ruthenium oxide
(Ir02 and RuO2, respectively) applied by thermal
decomposition onto specially prepared titanium
substrates. The coatings are applied by spraying
aqueous metallic salts onto the titanium substrates and
heating to several hundred degrees Celcius. Multiple
layers of coating material may be applied by the
process to provide a maximum coating thickness of
approximately 0.025 mm (1 mil). This type of CPS
has been used at Pike Island and other locations with
good results.

beneficial, sacrificial anodes must continue to apply
current to the structure. Consequently there must be
periodic voltage testing, and the system must be kept

optimized by anode replacement to continue its
performance in accordance with acceptable criteria.

e. Solutions.

(1) Restoration of systems. Most existing inoper-

able CPS’s at navigation structures can be restored.
This approach is less expensive than installing com-
plete new systems, and therefore should be considered
first. When graphite anode strings are consumed or

destroyed, they can be replaced with impact-protected
cast iron anode strings or ceramic-coated wire. In
many cases, anode strings can be replaced and systems
can be repaired without dewatering a lock.

(2) New or replacement systems. Designers
should use Guide Specification CW-16643 with this
manual for new CPS installation or for complete
system replacement when necessary.

f. Effective techniques.National Association of

Corrosion Engineers (NACE) Standard RP0169-96

contains the recommended practice for control of

c. Inoperable impressed current systenidost
of the inoperable impressed current systems
encountered were utilizing graphite anodes that were
more than 20 years old. Only a few navigation struc-

tures have had systems that utilized sausage string cast

iron anodes provided with impact protection. Properly

maintained cast iron anode systems that have been in

high-impact debris areas have shown good results.
Graphite systems in low-impact debris areas have also
shown good results.

external corrosion on civil works hydraulic structures.

It includes criteria for both coatings and cathodic
protection and should be used in conjunction with
guidance in this manual and with painting design
guidance in Engineer Manual EM 1110-2-3400.
NACE Standard RP0169-96 should also be used as
guidance unless noted otherwise, and designer:
should become familiar with it.

g. Resistivity policy. Cathodic protection should

be provided on all submerged metallic structures. If,

d. Inoperable sacrificial anode systema&inc or
magnesium sacrificial anodes provide some benefits,
but typically, these anodes only protect small areas
such as well-coated structures, and they experience
higher consumption rates than anodes normally used
in an impressed current system. In order to be

after performing a corrosion mitigation survey, an

NACE-certified corrosion specialist or a professional
engineer deems cathodic protection unnecessary due
to a noncorrosive water, a statement to that effect
should be prepared and sent to the district project
manager as a part of the corrosion plan.



EM 1110-2-2704

1 Jan 99
Chapter 2 (2) A report showing the condition of the CPS’s
Corrosion Mitigation Plan and including any plans to repair the systems should

be prepared and kept at the district for review.

(3) Any inoperable CPS should be repaired as
needed.

2-1. Corrosion Protection Coordinator

Each district should designate a person who has ,

experience and is familiar with cathodic protection 2-3: Tests and Adjustments

techniques to serve as the district corrosion protection . .
coordinator. Such a person may be a licensed profes- & T€sts, adjustments, and data collectiorests
sional engineer or a person certified as being qualifieould be performed in accordance with the corrosion
by NACE International as a cathodic protection mitigation plan.  Rectifier voltages and _curren_ts
specialist, corrosion specialist, or senior corrosionShould be recorded. There are no prescribed time

technologist. This individual will be responsible for intérvals for testing new systems, but measurements

ensuring that the CPS'’s are tested and optimized ang?ould be taken and recorded monthly until steady-

that reports of the results are prepared and maintainegfate conditions are reached. Then, based upon the
at the district for review of system effectiveness. judgment of the corrosion protection coordinator, tests
should be performed at about 6-month intervals for a

2.2 Plan year or more, and thereafter at yearly intervals. It
would be appropriate to monitor critical or strategic
structures more frequently. Based upon the measure-
ments taken, the rectifier current and voltage should
be adjusted to produce either a negative polarized
(cathodic) potential of at least 850 mV with the

(1) New projects. A corrosion mitigation plan cathodic protection applied or other minimum

should be developed and included in the desigrpathodic polarization such as 100-mV polorization as
memorandum. For an already completed desigrgescribed in NACE RP0169-96 for steel and cast iron

memorandum, the plan should be developed andPiPing. This potential should be achieved over

submitted as a supplement to the design memorandurf® Percent of each face of each gate leaf. Readings
prior to completion of plans and specifications. should not exceed a polarized (cathodic) potential of
1200 mV at any location. Acceptance criteria for

CPS’s should be as defined in NACE Standard
ﬁ.'P0169-96 unless otherwise noted in this manual.

a. Development. A corrosion mitigation plan
should be developed by the district corrosion protec
tion coordinator for each hydraulic structure.

(2) Existing projects. A corrosion mitigation plan
should be developed and presented as an appendix
a Periodic Inspection Report for reference in subse-
quent inspections. Corrosion mitigation plans should - Reports. Reports should be prepared and kept
consider the condition of existing structures, factors@t the district. These reports should be presented in a

that affect the rate of corrosion, methods of corrosiorfor™at similar to that in the Appendix A sample and
control, and cathodic protection of the structure. table for a miter gate, showing measurements taken
and data obtained. For other types of installations, the

b. Execution.The following policy on optimi- '€POrt should be modified to show similar data appli-

zation, testing, and reporting of the CPS for eachcable to the respective installation. This report should
structure should be followed. be completed yearly not later than December.

c. Data. The data accumulated in these reports
ghould be retained to provide a database for con-

be performed. Any system failing to operate in sideration of possible improvements to CPS tech-

accordance with established criteria should behidues. The current corrosion deterioration status of
optimized by adjustment. the structures should be maintained.

(1) A survey of the structure-to-electrolyte
potential, using a standardized reference cell, shoul
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Chapter 3 3-3. Assistance

Expert Assistance

The specific areas of assistance include initial plan-
ning, preparation and/or review of design and
solicitation packages, review of design submittals,
review of shop drawings or contract changes, training,
and preparation of corrosion mitigation test plans.
B\ssistance is also available, in troubleshooting,
restoring, testing, and adjusting and optimizing CPS'’s.

3-1. Background

Some Corps districts and laboratories have long bee
involved in planning, designing, procuring, installing,
testing, operating, and maintaining various types of
CPS’s for navigation structures. Expertise is available

to assist USACE elements in any of the above areas o‘?’f4' Element Responsibility

a cost reimbursable basis. For further information . . .
. ) . USACE elements will be responsible for ensuring that
concerning USACE expert assistance in the above-

mentioned areas, please contact CECW-ET,a“.SO“.C'tat'O.nS comply vv_|th current procurement
HOUSACE policy, including consideration of the offeferexper-

ience and qualifications. Although the procurement
method selected for any given project is at the
discretion of the responsible element, the intent of this

— - : manual is to provide guidance so that all contractors in
District personnel who have limited experience and . . e .
cathodic protection have qualifications which, as a

expertise in CPS’s are encouraged to seek aSSiStan(r:r%nimum meet the requirements in Chabter 6
from other districts and/or laboratories through their ' q P '
Corrosion Protection Coordinator.

3-2. Expertise
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Chapter 4 4-2. Optimizing System
Testing and Optimizing
Data collected during the test should be reviewed, and
any necessary adjustments should be made. The sys-
4-1. Equipment and Personnel tem should be properly optimized by adjusting the
rectifier until 90 percent of the potentials fall within
Test equipment should consist of a fresh andN® range of polarized (cathodic) potential of between
calibrated copper-copper-sulfate reference cell, a sup?€9ative 850 mV and negative 1200 mV or 100-mV
mersible connection, cabling suitable for immersion Polorization according to NACE RP0169-96. A report

use, and a high-impedance voltmeter capable of med2" test results should be prepared and retained at the
suring polarized potentials with the CPS on. Sen-district. Research and development work on low-cost

sitivity should be more than 5 meg-ohms per volt. The'€MOté monitoring  systems has been performed
reference electrode should be placed in the electrolytéeCently to increase reliability, extend service life,

adjacent within 200 mm to the face of the gate at eaciiNimizé maintenance requirements, and automate
test point. All tests should be supervised by anth® CPS testing, evaluation, and diagnostic procedures

NACE-certified corrosion specialist, senior corrosion [0 reduce the life-cycle cost of CPS's.  For further

technologist, or cathodic protection specialist, ginformation concerning the remote monitoring system,
licensed corrosion engineer, or a Corps of Engineer®/€ase contact CECW-ET, HQUSACE.
representative assigned and qualified to do this work.

4-1
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Chapter 5 maintaining both types of systems. Sacrificial anode
System Selection systems on large structures such as gates deteriorate

rapidly and become ineffective. However, a properly
maintained impressed current system can last 10 to
5.1 Corrosion Protection 30 years on the same structure.

Corrosion occurs on all metallic structures that are not & Basis for selecting an impressed current system.
adequately protected. The cost of replacing a structure
which may have been destroyed or weakened due to
excessive corrosion is substantial but avoidable, and

means should be taken to prevent or mitigate this added (2) Higher ampere-years can be obtained from each
cost through cathodic protection. In addition to pre-. 9 pere-y

paring and applying protective coatings to the surfacénSta”at'on'

of a structure, a technique used to further prevent corro- . . .
’ y b (3) One installation can protect a more extensive

sion is to apply a protective current to the structurealrea of the surface of the metallic structure
surface which contacts an electrolyte. This technique '

prevents or reduces the rate of surface corrosion by

making the surface cathodic in the presence of othe(r: ha(r?)in Vocl(t;%?tigr?: lerrrr](ia:t (r:g\r/]i dl;i \;”%d et?atrig(re](;
metals contacting the electrolyte. ging ' P P

flexibility that is very desirable to increase protection of
the surface coating.

(1) Can be designed for a wider range of voltage
nd current applications.

5-2. Types of CPS’s
a. Sacrificial CPS. This system helps reduce (5) Current rgquirement can be read and monitored
. . . .~ easily at the rectifier.
surface corrosion of a metallic structure immersed in an
electrolyte by metallically coupling a less noble, i.e.,
more negative, metal with the structure. This system is
based on sacrificing the more negative anodic metal t&
save the structure from deterioration by corrosion.
Usually the anodic metals used are composed of zinc or
magnesium.

(6) System can be used for protecting bare or
oorly coated surfaces of metallic structures.

b. Basis for selecting a sacrificial anode system.

(1) External power source is not required.

b. Impressed current CPS.This system uses
direct current applied to an anode system from an
external power source to drive the structure surface to R
state that is cathodic with respect to other metals in the : o

o (3) This system works very well when resistivity is
electrolyte. Two types of anodes can be used,; strlng .
. i . ow, the structure is well coated, easy access to the
anodes are installed either adjacent to or on the . : T S
. Structure is available, and significant deterioration of
structure, and button anodes are installed on thecoatin (paint) is not expected within 5 to 10 years
structure. Both types must be isolated from the surface gip P y '
of the structure. Civil works systems are usually

impressed current systems.

(2) Installation is less complex since an external
ower source, including rectifier, is not required.

(4) This system is easier to install on moving
complex structures such as tainter valves where routing
of cables from an impressed current system could

5-3. CPS Selection
present a problem.

When selecting which type of system to use, the
designer should consider the size of the structure to be <
protected and past project experience in operating and’

c. Basis for not selecting a sacrificial anode
tem.
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(1) Current output is limited. It has limited driving

potential, therefore the protection for the bare steel area

from each anode is limited.

(2) Sacrificial anode systems generally cannot be
justified in water media when large surface areas of a
poorly coated metallic structure require protection.

(5) Due to the buildup of algae, silt, or other
deposits on sacrificial anodes, the current output of the

anode may be reduced.

(6) Basis of design must consider future and
changing conditions of structure surface which is not

considered in the design of sacrificial anode and

impressed current systems.

(3) Installation can be expensive. A greater
amount of anode material is required due to the much
higher anode consumption rates.

(7) Although the sacrificial anode systems require

less maintenance than impressed current systems, they

nevertheless require some maintenance. Since there is

(4) Past experience has shown that as the protec-
tive coating deteriorates (or when surface areas of the
metallic structure are physically scarred or scraped)
more current and variations in current are required.
The sacrificial anode system cannot respond to the
additional bare area since its current and voltage are
limited and cannot be varied.

no method to monitor a sacrificial anode system to
determine if it is operating in accordance with NACE

criteria, except by taking structure-to-electrolyte
potential measurements, many times this type of system
is neglected, resulting in damage to the structure.
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Chapter 6 International RP0169-96, should be met for design of
System Design, Construction, Operation, civil works hydraulic structures. Those criteria are

Maintenance. and Restoration specifically included here by reference.

b. Guide specification.Guide Specification CW-
16643, “Cathodic Protection Systems (Impressed
Current) for Lock Miter Gates,” should be used in pre-

- . aring contract documents for procurement of CPS'’s.
For existing structures, a current requirement tes

his specification, in addition to providing the tech-
should be made to accurately assess the overall systeqi.o| requirements for various items of equipment for

des!gn._The deS|gner ?hOUId become familiar W'f[h thethe CPS, addresses methods for protection from ice and
availability and swtablllty. of types of pommermally various debris of the string anodes and the electrical
mangfactured anodes Wh'.Ch would _sat|sfy the systeMea4s to the button and string anodes. This specifica-
requ_lrement_s for cathodic _prof[ect|on. Chapter 5t'on is based upon the use of impressed current sys-
prov_lt_je_s guidance for selecting m_pressed current an ms, which are normally used on hydraulic structures
sacrificial anode systems. The designer should becomﬁaving large areas requiring corrosion protection.

farglllar \C/thht mar;ufacturer rqummegtljDaStlionshfork;Jss Button-type anodes are normally used on the skin plate
and product periormance claims. S shou %ide of the gate with string-type anodes installed in the

:ihe5|gtnedtto attain da?.d rr(;al_nt?;]n a Ievt(_el of“%rq;[ec_non c:jcompartment areas of the gate; however, button-type
€ structure as detined n the section gna" aNCanodes may also be used in the compartment areas.

Other Considerations for Cathodic Protection” in

NA?Et.RPdeg'.%' Inlor:j(i_r to achle\t/ebtms Ie\éel Otf c. Zebra mussel guidancén areas with potential

protection, design caiculations must be made G ;aha mussel infestations, the CPS components may

determine the number and types of anodes require

£ | ¢ calculati be found in A dix B e at risk of failure or disruption. Design
xamples of calculations can be found In AppendiX B ., giqerations in preventing these infestations should

of th's. mgnu_al fqr I'Erpl_pl_relsﬁg gclu(;re;:nt Catﬁo(;j_'c be included. For control strategies, refer to Zebra
protection design, in e or cathodiC \; sse| Research Technical Note ZMR-3-05, compiled

protection systems using ceramic anodes, and in MILb the Zebra Mussel Research Program at Waterwavs
HDBK-1004/10, “Electrical Engineering Cathodic E):(periment Station, Vicksburg, MS g y

Protection,” a handbook developed from evaluations,
surveys, and design practices of the Naval Facilitie%_2 Construction

Engineering Command, other Government agencies,

and the private sector. MIL-HDBK-1004/10 can be a|pgtallation of a CPS by a construction contractor

useful tool for design calculations in conjunction with shoyld be accomplished under the supervision of an

into consideration the total area of the structure to b&orrosion technologist, or cathodic protection specialist
protected, the resistivity of the electrolyte, the presenfy g jicensed corrosion engineer.
condition of the protective coatings on the structure, the
predicted deterioration of these coatings due to physical 5 services of corrosion engineefthe construc-
damage, the normal paint change of state over a 20-yegpn contractor should be required to obtain the services
period, and the environment to which the structure willof 5 Jicensed corrosion engineer to supervise the
be subjected. The design of CPS’s should be accompstalation and testing of the CPS. The term
plished under the supervision of a certified NACE «corrosion engineer” refers to a person who has
corrosion specialist, a cathodic protection specialist, Oknowledge of the physical sciences and the principles
a professional engineer licensed in corrosionogf engineering and mathematics, acquired by
engineering. professional education and related practical experience,
o _ o and who is qualified to engage in the practice of cor-
a. Criteria. NACE International criteria for pro-  rosjon control on metallic structures. Such person may

tection for steel and cast iron piping, covered undelpe 3 licensed professional corrosion engineer or may be
paragraph 6.2.2 and subparagraphs of NACE

6-1. Design

6-1
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certified as being qualified by NACE International if
such licensing or certification includes suitable
cathodic protection experience.

b. Workmanship. All material and equipment
shall be installed in accordance with the requirements

of the specifications and as recommended by the cor-

rosion engineer and approved by the Contracting
Officer. The installation, including testing, should be

performed by an organization that has had at least

3 years experience in this type of work.

Government test personnel to record data obtained in

future periodic testing of the CPS.

c. Troubleshooting guide. A troubleshooting

guide should be provided for use with the CPS. This

guide should address possible symptoms associated
with failure of various items of equipment of the
system. Recommendations and possible solutions
should also be included. If a problem cannot be
resolved by the corrosion protection coordinator, then it
is recommended that the designer seek the assistance

addressed in Chapter 3 of this manual.

6-3. Operation and Maintenance

6-4. Restoration

The reliability and effectiveness of any CPS depend
upon the manner in which it is operated and main-
tained, as well as its proper design and installation.

tlgisnoperable CPS’s should be restored whenever
possible and feasible. Restoration of a CPS should be

part of the corrosion mitigation plan and should

a. Performance.The primary purpose for testing
of a CPS is to determine if it has been optimized in
accordance with and effectively meets design criteria.
A system that does not meet this criteria will not
adequately protect the structure against corrosion.

include, but not be limited to, the following:

a. A list of materials and cost.

b. An assessment of impact protection and con-

sideration of the need for additional impact protection

b. Operations and maintenance manualAn

for each CPS installed. This manual should provide
instructions for testing and optimizing the system and
should specify test equipment required. Copies of the
structure-to-electrolyte potential measurements, ob-
tained by the contractor at the time of acceptance of
the system by the Government, should be included for
reference. Blank data sheets should be provided for

devices.
operations and maintenance manual should be provided

c. A survey indicating the status and functional
condition of rectifiers, anodes, terminal cabinets, anode
system cables, and impact devices.

d. A copy of the latest structure-to-reference-cell
potential readings.
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Chapter 7 on corrosion control is offered annually for district
Training and Services personnel. The course provides the required CPS

training on design and testing.

7-1. Training 7-2. Services

Trining shoud be provided for prject designers SS1VES e Avalable o1 2 cost femburcani pasie
Inspectors, and operation and maintenance Ioersonn%Fervices are also avgilgble for design regstg/ration'
who are responsible for CPS’s in use at projects. an, '

Corrosion protection coordinators should arrange Withco?_struc:_lon, d_op?ranotn fac?gs' ngntenancg, ."’?”d
District Training Coordinators for this training. The optimization adjustments o S. SE€IVICesS Inquiries

training should include both cathodic protection may be referred to CECW-ET, HQUSACE.
generally and report preparation. A PROSPECT course



